INTRODUCTION {#s1}
============

Obesity is clinically important since it can increase the risk of cancer, metabolic diseases, and musculoskeletal diseases, which can be fatal[@r1], [@r2]^)^. Obesity is caused by imbalance in the energy homeostasis system. In other words, obesity is seen when the energy absorption from food, heat production, and energy consumption via bodily activities are not synchronized[@r3]^)^. Food intake directly correlates with energy absorption, representing a complementary association between satiety and hunger, regulated by ghrelin and leptin[@r4]^)^.

Leptin is a cytokine secreted by adipose tissues that suppresses hunger by acting on the arcuate nucleus in the hypothalamus[@r5]^)^. Despite the action of leptin, a paradoxical phenomenon causes a high level of leptin to be detected in the serum of obese individuals due to development of leptin resistance. High leptinemia inhibits oxidation of fatty acids and causes insulin resistance[@r6]^)^. On the other hand, ghrelin is secreted by the gastrointestinal system with hunger and increases appetite while decreasing leptin effects[@r7]^)^. In obese individuals, ghrelin levels are low and insulin resistance is present[@r8]^)^. In terms of energy homeostasis, these observations are inferred to be compensatory mechanisms to inhibit food consumption in obese individuals. However, leptin was observed to decrease with weight-loss while ghrelin levels increased[@r9],[@r10],[@r11]^)^.

As mentioned previously, insulin resistance, which correlates with both leptin and ghrelin levels, refers to the state where physiological effects of insulin are decreased[@r12]^)^. Insulin interacts with leptin to decrease food consumption and inhibits secretion of ghrelin[@r13], [@r14]^)^. In other words, leptin and ghrelin secretions are affected by insulin. It can be inferred that the increase in leptin and decrease in ghrelin observed in obese individuals are due to hyperinsulinemia, which is a result of insulin resistance[@r15]^)^.

Effective weight-loss exercises are known to decrease leptin and increase ghrelin levels[@r16],[@r17],[@r18]^)^. Furthermore, exercises are recognized as effective mediators to improve insulin resistance[@r19],[@r20],[@r21]^)^. Recent weight-loss interventions have focused on cardio and resistance trainings. Several studies reported that exercise effectively reduces indicators of obesity such as weight, body mass index (BMI), and body fat percentage[@r22],[@r23],[@r24]^)^. Circuit exercise, which alternates cardio and resistance exercises, is also known to effectively reduce body fat[@r25]^)^. However, there is a lack of studies on the correlation between the diet-regulating hormones produced by circuit exercise and insulin resistance.

Therefore, it would be useful to investigate the changes in diet-regulating hormones leptin and ghrelin, as well as changes in insulin resistance, induced by circuit exercise in obese patients. This study investigated the effects of a 12-week circuit exercise program on indicators of obesity, diet-regulating hormones, and insulin resistance in middle-aged obese females.

SUBJECTS AND METHODS {#s2}
====================

The subjects of this study were 26 obese middle-aged women who were selected among participants in exercise class at K Region Health Promotion Center in South Korea and were randomly assigned to the exercise group (n=13) and the control group (n=13). The participating condition of this study was excluded for women who had a body fat percentage of 30% or more, who had a dietary restriction within the last 6 months and regular exercise over 30 minutes. The exercise group performed circuit exercise for 12-weeks. The control group did not participate in regular exercise for 12-weeks in order to maintain the physical activity before the study participation period. All the subjects gave their written informed consent before participating in the study. This study was conducted in compliance with the ethical principles of the Declaration of Helsinki, and we obtained consent from the subjects after explaining in detail the objectives, methods, and expected effects of the exercise program. The physical characteristics of the subjects are shown in ([Table 1](#tbl_001){ref-type="table"}Table 1.Characteristics of subjectsGroupAge (yrs)Height (cm)Weight (kg)BMI (kg/m^2^)Body fat (%)Exercise (n=13)50.1 ± 3.8160.9 ± 4.782.7 ± 10.431.8 ± 3.238.79 ± 3.28Control (n=13)49.8 ± 2.9158.9 ± 4.877.2 ± 9.630.4 ± 2.337.46 ± 2.51Valves are Mean ± SD. BMI: Body Mass Index.).

Height and weight in the anthropometric test were measured in 0.1-cm increments using an automatic extensometer (Jenix DS-102, Korea). The body mass index (BMI) was calculated by the division of weight (kg) over height (m^2^). Body fat percentage was measured using a bioelectrical impedance analyzer (X-Scanplus II, Korea).

Blood test was performed using blood collected from an individual's forearm arteries after confirming the fasting state for 8 hours. Blood analysis items and measuring methods are as follows; reptin, ghrelin, insulin, fasting blood glucose were analyzed using a chemistry analyzer (Hitachi 7020, Japan). Insulin resistance test was calculated by means of the homeostastics model assessment of insulin resistance (HOMA-IR) method. The related formulais[@r26]^)^. HOMA-IR = \[fasting plasma insulin (uU/ml) × fasting plasma glucose (mg/dl)\] / 405.

Circuit exercises were conducted 5 times per week for a span of 12 weeks. Warm-up consisted of 5 minutes of walking followed by 5 minutes of stretching. Ten minutes of stretching were added to each session as a cool-down. The main circuit exercise was composed of cardio (walking in place) and 5 types of weight-bearing resistance exercise (push-ups, squats, crunches, side lunges, and face-down leg/arm raises). Three sets were performed at each session for 30 minutes. The exercise intensity were set to 12--14, based on the rating of perceived exertion. Sixty-second cardio motions and resistance exercises were performed in the following order: (1) walk in place, (2) push-ups, (3) walk in place, (4) squat, (5) walk in place, (6) crunches, (7) walk in place, (8) side lunges, (9) walk in place, and (10) face-down leg/arm raise.

To regulate food intake, participants were instructed to recall the previous 24 hours and to write down their food intake. The specified foods in the eating diary were analyzed using CAN-Pro 3.0 (Computer Aided Nutritional Analysis Program Version 3, Korea) to determine total energy consumption. Each participant was informed about her daily food intake restriction and was instructed to voluntarily cut down food consumption.

The data in this study were analyzed using SAS (Statistical Analysis System, Version, 9.1). Two-way ANOVA by repeated measure was performed to test interaction effects on the measured variables between groups and measurement time. Statistical significance was set at p\<0.05.

RESULTS {#s3}
=======

As shown in [Table 2](#tbl_002){ref-type="table"}Table 2.Change of obesity indexVariabilityGroupPrePostΔ%Weight (kg)Exercise82.7 ± 10.476.1 ± 9.5^\*\*\*^--7.9Control77.2 ± 9.676.7 ± 9.7--0.6Body mass index (kg/m^2^)Exercise31.8 ± 3.229.4 ± 3.0^\*\*\*^--7.9Control30.4 ± 2.330.2 ± 2.4--0.6Body fat (%)Exercise38.7 ± 3.236.9 ± 3.5^\*^--4.8Control37.4 ± 2.537.6 ± 2.10.5Valves are Mean ± SD. \*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001, Δ% = \[(post − pre) / pre\] × 100., weight showed interaction effects between group and treatment (p\<0.001). Interaction effect analysis results indicated that the exercise group showed a significant decrease from pre- to post-exercise (p\<0.001), whereas the control group show a significant difference. Body mass index showed interaction effects between groups and treatment (p\<0.001). Interaction effect analysis results indicated that the exercise group showed a significant decrease from pre- to post-exercise (p\<0.001), whereas the control group show a significant difference. % body fat showed interaction effects between group and treatment (p\<0.001). Interaction effect analysis results indicated that the exercise group showed a significant decrease from pre- to post-exercise (p\<0.05), whereas the control group show a significant difference.

As shown in [Table 3](#tbl_003){ref-type="table"}Table 3.Change of leptin and ghrelinVariabilityGroupPrePostΔ%Leptin (ng/ml)Exercise16.1 ± 6.713.9 ± 5.5^\*^--13.3Control16.0 ± 6.220.0 ± 5.7^\*\*\*^22.1Ghrelin (pg/ml)Exercise588.5 ± 139.0821.4 ± 197.0^\*\*\*^39.5Control640.6 ± 164.3560.9 ± 125.3^\*\*\*^--12.4Valves are Mean ± SD. \*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001, Δ% = \[(post − pre) / pre\] × 100, leptin showed interaction effects between group and treatment (p\<0.001). Interaction effect analysis results indicated that the exercise group showed a significant decrease from pre- to post-exercise (p\<0.05), whereas the control group showed a significant increase from pre- to post-exercise (p\<0.001). Ghrelin showed interaction effects between groups and treatment (p\<0.001). Interaction effect analysis results indicated that the exercise group showed a significant increase from pre- to post-exercise (p\<0.001), whereas the control group showed a significant decrease from pre- to post-exercise (p\<0.001).

As shown in [Table 4](#tbl_004){ref-type="table"}Table 4.Change of insulin resistanceVariabilityGroupPrePostΔ%Fasting glucose (mg/dl)Exercise87.9 ± 7.084.2 ± 7.7--4.1Control89.3 ± 9.199.5 ± 3.5^\*\*\*^11.4Insulin (uU/ml)Exercise7.6 ± 1.76.7 ± 1.7^\*^--11.4Control7.5 ± 1.48.7 ± 0.9^\*\*^16.4HOMA-IRExercise1.6 ± 0.41.4 ± 0.4^\*\*^--15.0Control1.6 ± 0.42.1 ± 0.2^\*\*\*^27.9Valves are Mean ± SD. \*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001, Δ% = \[(post − pre) / pre\] × 100., fasting blood glucose showed interaction effects between group and treatment (p\<0.001). Interaction effect analysis results indicated that the exercise group did not show a significant difference from pre- to post-exercise, whereas the control group showed a significant increased from pre- to post-exercise (p\<0.001). Insulin showed interaction effects between group and treatment (p\<0.001). Interaction effect analysis results indicated that the exercise group showed a significant decrease from pre- to post-exercise (p\<0.05), whereas the control group showed a significant increase from pre- to post-exercise (p\<0.001). HOMA-IR showed interaction effects between group and treatment (p\<0.001). Interaction effect analysis results indicated that the exercise group showed a significant decrease from pre- to post-exercise (p\<0.05), whereas the control group showed a significant increase from pre- to post-exercise (p\<0.001).

DISCUSSION {#s4}
==========

This study investigated the effects of a 12-week circuit exercise program, which alternates cardio and resistance exercises, on diet-regulating hormones and insulin resistance in middle-aged obese females. The results of this study showed a decrease in indicators of obesity---weight, BMI, and body fat percentage---after circuit exercises. Also, levels of the diet-regulating hormone leptin decreased, levels of the diet-regulating hormone ghrelin increased, and insulin levels decreased. The results showed effective improvements in insulin resistance.

In terms of weight regulation, the diet-regulating hormones leptin and ghrelin exert opposite effects in the hypothalamus and mediate each other[@r27]^)^. Leptin is secreted by adipose tissues and acts on the satiety center of the hypothalamus to restrict food intake. On the other hand, ghrelin is secreted by the gastric mucosa and acts on the hunger center of the hypothalamus, exerting the opposite effect of leptin[@r28]^)^. Therefore, it was inferred that leptin levels would be decreased and ghrelin levels would be increased in obese individuals. However, it was found that leptin levels were increased in obese individuals due to leptin resistance, and ghrelin levels were down-regulated due to the compensatory mechanism of food intake restriction[@r29], [@r30]^)^. In obese individuals, weight-loss causes decrease in leptin and increase in ghrelin levels[@r9],[@r10],[@r11]^)^.

Studies on exercises and diet-regulating hormones have reported a wide range of results, from no changes in leptin and ghrelin levels after acute or circuit exercises to increased levels of leptin with decreased level of ghrelin[@r31], [@r32]^)^. Also, previous studies have reported a decrease in leptin level and increase in ghrelin level following long-term exercises, which was attributed to the loss of body fat[@r33], [@r34]^)^. In this study, indicators of obesity---weight, BMI, and body fat percentage---as well as levels of the diet-regulating hormone leptin were decreased after a 12-week circuit exercise program, while increased levels of ghrelin were observed. Therefore, it can be inferred that the decrease in leptin levels and increase in ghrelin levels were due to a negative feedback mechanism following weight loss in obese females. In other words, weight loss causes changes in diet-regulating hormone levels to regulate energy homeostasis.

When food is ingested, insulin is secreted by pancreatic β-cells. Insulin directly stimulates adipose tissues to promote leptin secretion and has similar functions as leptin in restricting food intake[@r35]^)^. Ghrelin is also regulated by insulin[@r36]^)^. Several studies have reported that leptin and ghrelin levels in obese individuals are influenced by insulin resistance[@r37],[@r38],[@r39]^)^.

Exercise promotes glucose uptake and is known to play an important role in increasing insulin sensitivity. Previous studies reported that both cardio and resistance exercises are effective in improving insulin resistance[@r40], [@r41]^)^. Also, circuit exercises were observed to effectively improve the insulin resistance index (HOMA-IR)[@r42], [@r43]^)^. In this study, although blood glucose levels were not significantly decreased after 12 weeks of circuit exercises, insulin levels and HOMA-IR were significantly improved. Therefore, it can be inferred that circuit exercises effectively improve insulin resistance, which is related to leptin and ghrelin, in obese females. These improvements in insulin resistance are expected to play an important role in obesity-induced cardiovascular problem prevention and type 2 diabetes prevention.

The limitations of this study were not to analyze the amount of physical activity in daily life affecting the weight change of exercise group and control group. Also, the daily intake of each individual was induced to induce voluntary dietary intake, but the dietary habits were not completely controlled. Despite these limitations, we have found that 12-week circuit exercise had positive effects on obesity index, leptin, ghrelin, and insulin resistance.

In conclusion, circuit exercises induced changes in the levels of diet-regulating hormones leptin and ghrelin through a negative feedback mechanism caused by a decrease in indicators of obesity in obese females. Also, it can be inferred that circuit exercises effectively improve insulin resistance.
